Introduction
It has been shown that although organic amide functionalities are normally thought of as being non-basic, it is possible to protonate them using strong acids and even to isolate and characterise their salt forms in the solid state. [1] [2] [3] Such salt formation reactions are a staple of pharmaceutical form screening, where they are used to modify the physicochemical properties of basic Active Pharmaceutical Ingredients (APIs). [4] Whilst the acidic materials formed by protonating amides are unlikely to make commercially viable APIs, it has been suggested that access to such forms may confer substantial benefits during the manufacturing process. For instance, salt forms of paracetamol have been shown to have improved compaction properties. [5] In 2012 Nanubolu et al. collated the then known crystal structures of a variety of protonated amides. [2] Since then several groups have crystallographically investigated series of multiple salt forms of particular amide APIs, notably the paracetamol work already mentioned above and structures of the model APIs carbamazepine (CBZ) and its congener dihydrocarbamazepine (DCBZ). [1, [6] [7] [8] The interest in looking at multiple related structures rather than single salt forms is of course the increased ability to compare and contrast both structures and the properties that arise from these structures. We are particularly interested in the CBZ and DCBZ studies that have shown systematic differences between the neutral and protonated forms in terms of both M A N U S C R I P T
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molecular structure and of typical hydrogen bonding motifs. [1, [6] [7] [8] Here we report an extension of these comparative structural studies by examining new salt forms of three pharmaceutically relevant amides, the simple building block and primary amide benzamide (BEN), the well known analgesic and secondary amide paracetamol (PAR) and the naturally occurring alkaloid and tertiary amide piperine (PIP), see Scheme 1. Scheme 1. Molecular structures of amides.
Materials and Methods.
Selected crystallographic and refinement details together with the structure numbers adopted throughout are given in Table 1 and Table 2 . Displacement ellipsoid figures showing the asymmetric unit contents of all structures have been supplied as supplementary information.
Crystallographic data were measured at low temperature with monochromated Mo Kα (λ= 0.71073 Å) or Cu Kα (λ= 1.5418 Å) radiation. Data for structures (1b) and (1c) were measured by the UK National Crystallography Service. [9] In all cases structure solution was by direct methods (SHELXS or SIR92) and refinement was to convergence on F 2 and against all M A N U S C R I P T
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independent reflections by the full-matrix least squares method using the SHELX program. [10, 11] The SQUEEZE routine within PLATON was used to account for residual electron density equivalent to approximately 139 electrons within 398 Å 3 of unit cell space in compound (1b). [12] This is thought to be due to the presence of small amounts of disordered I 2 coformer.
Assuming this to be true, the electron count corresponds to approximately 0.07 molecules of I 2 per I 3 anion. [13] H atoms on O and N atoms were found by difference synthesis but refinement of structure (1b) required a riding model to be adopted, with the H atoms in idealized positions. 
Results and Discussion
Salt forms of paracetamol. Of the three chosen amides, PAR is that which has received most previous attention from the crystallographic community. As a model API its polymorphs have been extensively studied, [14] as have its solvate and cocrystal forms. [15] [16] [17] Recently salt forms have also been investigated. Previously, analysis of CBZ and DCBZ structures showed that protonation of the amide O atom led to characteristic lengthening of the C=O bond length and shortening of the C-NH 2 and C-N(ring) bond lengths. [1, 7] This effect was so diagnostic of neutral and cationic species that it could even be used to assign "intermediate" status to structures where the acidic proton was in dynamic equilibrium between CBZ(H) and an O atom of a second crystal component. [6, 8] A similar analysis of bond length variation for the known PAR(H) species (Scheme 2) is shown in It can be seen from Table 3 that the O…O distances for the hydrogen bonds involving the amide O-H donors of PAR(H) are consistently much shorter than is typical for a O-H…O interaction. [20] The table and reference 18 shows that this is also true for the other protonated amide species. The hemi-species of both PAR and PIP all have hydrogen bonds between formally neutral and charged amide O atoms, and these have even shorter O…O separations than the simple salt forms. A final interesting intermolecular interaction occurs in the structure of (1a). An oxygen atom of the sulfonate group makes a short contact with the N and C atoms of the potonated amide group to form an unusual dipole-dipole interaction. The O..N and O…C distances are 3.035(3) and 2.962(3) Å respectively, not much longer than the hydrogen bonded N…O separations given in Table 3 .
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Other reactions involving paracetamol. During our investigations PAR was also reacted with various other strong acids, but analysis of the solids produced showed that these were decomposition products formed by hydrolysis of the N-C(amide) bond. Similar problems were reported with HCl addition to PAR by Perumalla et al. [5] Figure 4 . A further series of experiments involved attempts to produce inorganic cocrystal forms of PAR. To do this, s-block metal salts were added to the acidic reaction mixtures. This is analagous to the technique used to prepare NaI complexes of CBZ. [21] With PAR no such complexes were obtained but it was observed that in the presence of BaCl 2 the orthorhombic polymorph of PAR was prepared rather than the typical and generally more stable monoclinic form. [14] Further investigation showed that the presence of acid was not required to achieve this effect and that simply crystallizing PAR from Figure 5 ). The geometric parameters for the BEN(H) cations in the two salt structures are essentially identical and are also similar to those of the known perchlorate salt (Table 4) . Taking the equivalent parameters for the cocrystal Systematic changes to molecular geometry on protonation.
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Hemi-halide forms feature robust amide to amide O-H…O interaction.
Orthorhombic paracetamol isolated from aqueous Ba solutions.
